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Description

BACKGROUND OF THE INVENTION

1.Field of the Invention

[0001] The present invention relates to a nonaqueous
electrolytic secondary battery comprising a positive elec-
trode active material capable of intercalating and dein-
tercalating a lithium ion, a negative electrode active ma-
terial capable of intercalating and deintercalating the lith-
ium ion, and a nonaqueous electrolyte, and a method of
manufacturing the nonaqueous electrolytic secondary
battery.

2.Description of the Related Art

[0002] For a battery to be used in portable electronic
and communicating equipment such as a small-sized vid-
eo camera, a mobile telephone and a notebook personal
computer, recently, a nonaqueous electrolytic secondary
battery having an alloy or a carbon material capable of
intercalating and deintercalating a lithium ion as a neg-
ative electrode active material and lithium containing
transition metal oxide, for example, lithium cobalt oxide
(LiCoO2), lithium nickel oxide (LiNiO2) or lithium manga-
nese oxide (LiMn2O4) as a positive electrode active ma-
terial has been put into practical use to be a battery having
a small size, a light weight and a high capacity and ca-
pable of carrying out a charge and discharge.
[0003] Since lithium nickel oxide (LiNiO2) in the lithium
containing transition metal oxide to be used for the pos-
itive electrode active material of the nonaqueous elec-
trolytic secondary battery has a feature of a high capacity
and a drawback of a poor safety and a high overvoltage,
it is inferior to the lithium cobalt oxide. Moreover, lithium
manganese oxide (LiMn2O4) has a rich source and is
inexpensive, and has a drawback that an energy density
is low and manganese itself is dissolved at a high tem-
perature. Therefore, it is inferior to the lithium cobalt ox-
ide. At the present time, accordingly, the use of the lithium
cobalt oxide (LiCoO2) to be the lithium containing transi-
tion metal oxide has been a mainstream.
[0004] However, it has been known that the lithium co-
balt oxide is deteriorated by a charge and discharge. The
degree of the deterioration is correlated with the crystal-
linity of the lithium cobalt oxide and is remarkable with a
low crystallinity of the lithium cobalt oxide. Furthermore,
if the crystallinity of the lithium cobalt oxide is low, lithium
is removed from the lithium cobalt oxide during charging
so that an unstable state is set and oxygen is apt to be
desorbed from the lithium cobalt oxide. For this reason,
there is a problem in that the lithium cobalt oxide having
a low crystallinity is not sufficient in respect of a thermal
stability, resulting in a poor safety.
[0005] To obtain a positive electrode active material
with a high density the JP 10255794 A discloses a lithium
secondary battery comprising a positive electrode mate-

rial which contains LiMnαOβ (α = 1.97-2.03; β =
3.94-4.06) as a main ingredient and LiF in its active ma-
terial particle, which is made by baking lithium carbonate,
a hydroxide of Mn and LiF in air.
[0006] In the JOURNAL OF FLUORINE CHEMISTRY,
ELSEVIER, NL, vol. 87, no. 2, February 2, 1998, pages
141-143, Yonezawa S. et al., have published "Effect of
LiF addition at preparation of LiCoO2 on its properties
as an active material of lithium secondary battery". This
publication shows the positive effect of adding LiF at the
preparation of LiCoO2 from Co(OH)2 and Li2CO3 at 900
°C on the crystallinity, particle shape and particle size,
to improve the charge/discharge capacities of the lithium
secondary battery using such a cathode material.
[0007] The KR 2000 0074294 A discloses an anode
active material which is obtained by uniformly mixing
Co3O4 , Li2Co3, and LIF having a mole ratio 1.99 to 0.01
for Li2Co3 to LIF. This mixture is baked under 900°C for
24 hours and is then slowly lowered until room temper-
ature.

SUMMARY OF THE INVENTION

[0008] It has been proposed that the physical proper-
ties of cobalt oxide to be the raw material of the lithium
cobalt oxide or synthesis conditions such as a burning
temperature are made proper to increase the crystallite
size of the lithium cobalt oxide, thereby enhancing a crys-
tallinity and improving a thermal stability. In order to elim-
inate a reduction in a discharge voltage with an increase
in the crystallite size, furthermore, there has been pro-
posed that a part of cobalt is substituted for a heteroge-
neous element such as V, Cr, Fe, Mn, Ni, Al or Ti. In the
lithium cobalt oxide in which a part of cobalt is substituted
for the heterogeneous element and the crystallite size is
increased, oxygen is desorbed with difficulty during
charging and the heterogeneous element is added so
that an ion conducting property can be enhanced to raise
a discharge voltage.
[0009] When the lithium cobalt oxide having a large
crystallite size is used as an active material or lithium
cobalt oxide obtained by substituting a part of cobalt of
the active material for a heterogeneous element such as
V, Cr, Fe, Mn, Ni, Al or Ti is used as an active material,
however, there is a problem in that the amount of gas
generated in a battery is increased in a high temperature
atmosphere (approximately 60°C to 100°C) so that a cy-
cle property is deteriorated, and furthermore, a deterio-
ration in a battery property is increased due to the pres-
ervation of a battery in a charging state.
[0010] As a result of the detailed investigations of the
physical properties of a positive electrode active material
having a poor high temperature property by using an un-
used positive electrode active material, it has been found
that a pH value of a filtrate taken by dispersing the positive
electrode active material in water is increased in the pos-
itive electrode active material in which a cycle property
is deteriorated at a high temperature, that is, the pH value
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of the filtrate of the positive electrode active material is
correlated with the high temperature property.
[0011] From the result of such an experiment, the in-
ventors had a knowledge that if the pH value of the filtrate
of the positive electrode active material can be prevented
from being increased, the generation of gas can be sup-
pressed so that the cycle property can be enhanced at
a high temperature and a deterioration can be sup-
pressed during charging preservation.
[0012] The invention has been made based on such a
knowledge and has an object to provide a nonaqueous
electrolytic secondary battery in which such a positive
electrode active material as not to increase the pH value
of a filtrate to suppress the generation of the gas in the
battery, thereby enhancing the cycle property at a high
temperature and suppressing a deterioration during
charging preservation.
[0013] In order to attain the object, an nonaqueous
electrolytic secondary battery according to the invention
uses, as a positive electrode active material, hexagonal
system lithium containing cobalt composite oxide having
a crystallite size in a (110) vector direction of 1000Å or
more and having a halogen compound added thereto by
burning at time of synthesis. By measuring the pH value
of a filtrate obtained by dispersing, in water, lithium con-
taining cobalt composite oxide having a crystallite size
in the (110) vector direction of 1000Å or more to which
the halogen compound is added by burning at time of
synthesis, a value of 9.6 to 10.1 was obtained. Without
the addition of the halogen, a pH value of 10 or more was
obtained. Thus, it has been found that the pH value of
the filtrate is reduced by adding the halogen compound.
Furthermore, it has been found that a high temperature
cycle property can be enhanced by using the lithium con-
taining cobalt composite oxide as a positive electrode
active material.
[0014] The details of the effect of an enhancement in
the high temperature cycle property are not clear. As a
result of the investigations of the battery after the repe-
tition of a charge and discharge cycle, it could be con-
firmed that the amount of generation of the gas is reduced
in the battery. It can be supposed that the halogen added
to the lithium containing cobalt composite oxide by the
burning at time of the synthesis is mainly present on the
surface of the positive electrode active material, that is,
the particle surface of the lithium containing cobalt com-
posite oxide and the presence of the halogen suppresses
the elution of lithium to reduce the pH value of the filtrate
in dispersion water. Furthermore, it can be supposed that
the particle surface of the lithium containing cobalt com-
posite oxide is stabilized by the addition of the halogen
at time of the synthesis so that the decomposed gas of
an electrolyte is decreased, resulting in an enhancement
in the high temperature cycle property.
[0015] In this case, if a content of the halogen to a
mass of the positive electrode active material is less than
0.001% by mass, the pH value of the filtrate having the
positive electrode active material dispersed in the water

is increased so that the high temperature cycle property
is deteriorated. Moreover, if the content of the halogen
to the mass of the positive electrode active material is
more than 5.0% by mass, the amount of the addition of
the lithium containing cobalt composite oxide itself is de-
creased so that a capacity is reduced. For this reason, it
is desirable that the content of the halogen to the mass
of the positive electrode active material should be
0.001% by mass to 5.0% by mass. Furthermore, it is de-
sirable that the hexagonal system lithium containing co-
balt composite oxide having a halogen compound added
thereto by the burning at time of the synthesis should be
lithium cobalt oxide to which the halogen compound is
added.
[0016] Referring to lithium containing cobalt composite
oxide having a part of cobalt substituted for a heteroge-
neous element such as V, Cr, Fe, Mn, Ni, Al or Ti, it has
been found that a filtrate having the lithium containing
cobalt composite oxide dispersed in water has a pH value
increased. Such cobalt composite oxide has a heteroge-
neous element added thereto so that an ion conducting
property can be enhanced to gain an excellent discharge
property.
[0017] Accordingly, when halogen is contained to be
used as a positive electrode active material at time of the
synthesis of lithium cobalt oxide having a part of cobalt
substituted for at least one kind of heterogeneous ele-
ment selected from V, Cr, Fe, Mn, Ni, Al and Ti and a
molar ratio of the heterogeneous element to the cobalt
of 0.0001 to 0.005, it is possible to obtain a nonaqueous
electrolytic secondary battery in which a high tempera-
ture cycle property is enhanced without damaging an ex-
cellent discharge property. Fluorine is desirable for the
halogen to be contained at time of the synthesis of the
lithium containing cobalt composite oxide.
[0018] In order to obtain the positive electrode active
material, preferably, there are provided the steps of mix-
ing a first component having a lithium compound, a sec-
ond component having a cobalt compound, and a third
component having a halogen compound to obtain a 3-
component mixture and burning the 3-component mix-
ture to have a crystallite size in a (110) vector direction
of 1000Å or more.
[0019] Alternatively, there are preferably provided the
steps of mixing a lithium compound, a cobalt compound
substituted for at least one kind of heterogeneous ele-
ment selected from V, Cr, Fe, Mn, Ni, Al and Ti, and a
halogen compound to obtain a 3-component mixture and
burning the 3-component mixture to have a crystallite
size in a (110) vector direction of 1000Å or more.
[0020] In this case, it is also possible to use a 4-com-
pound mixture including a lithium compound, a cobalt
compound, a compound such as oxide containing at least
one kind of element selected from V, Cr, Fe, Mn, Ni, Al
and Ti and a halogen compound in place of the 3-com-
ponent mixture.
[0021] Since the invention provides a nonaqueous
electrolytic secondary battery in which a thermal stability
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is excellent and a safety is high, and a cycle property is
enhanced at a high temperature and a deterioration is
suppressed during charging preservation, there is a fea-
ture in that a specific positive electrode active material
is used. For a negative electrode material, a separator
material, a nonaqueous electrolytic material and a binder
material, therefore, it is possible to use a well-known ma-
terial.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022]

Fig. 1 shows the results of measurement of pH value
of positive electrode active material in this invention.
Fig. 2 shows the results of thermal analysis of
charged positive electrode in this invention.
Fig. 3 shows the results of measurement of pH value
of positive electrode active material from investiga-
tion of lithium cobalt oxide substituted for heteroge-
neous element in this invention.
Fig. 4 shows the results of thermal analysis of
charged positive electrode from investigation of lith-
ium cobalt oxide substituted for heterogeneous ele-
ment in this invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0023] Next, an embodiment of the invention will be
described below.

1. Formation of Positive Electrode Active Material

(1) Example 1

[0024] First of all, lithium carbonate (Li2CO3) was pre-
pared as a starting material of a lithium source and trico-
balt tetraoxide (Co3O4) having a specific surface area of
8.3 m2/g was prepared as a starting material of a cobalt
source, and they were then weighed such that a molar
ratio of lithium to cobalt is 1 : 1, and furthermore, lithium
fluoride (LiF) was added and mixed as a starting material
of a halogen source. Subsequently, a mixture thus ob-
tained was baked in the air (in this case, a burning tem-
perature (for example, 980°C) and a burning time (for
example, 24 hours) were regulated such that a crystallite
size in a (110) vector direction of a baked product thus
obtained is 1000Å or more). Thus, a baked product of
fluorine containing lithium cobalt oxide (LiCoO2) was syn-
thesized. Then, the baked product thus synthesized was
ground to have an average particle size of 10Pm so that
a positive electrode active material a1 according to an
example 1 was obtained. The positive electrode active
material a1 thus obtained was analyzed by ion chroma-
tography so that a content of the fluorine to a mass of
the positive electrode active material was 0.05% by
mass. The fluorine containing positive electrode active
material a1 thus obtained was measured by XRD (X-Ray

Diffraction) and was found to be hexagonal system lith-
ium cobalt oxide (LiCoO2). By calculating a crystallite size
using a Scheller expression, a crystallite size in the (110)
vector direction was 1045Å.

(2) Example 2

[0025] A fluorine containing positive electrode active
material was formed in the same manner as in the ex-
ample 1 except that lithium fluoride (LiF) was used as a
starting material of a halogen source and was added to
have a content of fluorine in 0.0007% by mass with re-
spect to a mass of a positive electrode active material.
Thus, a positive electrode active material b1 according
to an example 2 was obtained. The fluorine containing
positive electrode active material b1 thus obtained was
hexagonal system lithium cobalt oxide (LiCoO2) and a
crystallite size in a (110) vector direction was 1030 Å.

(3) Example 3

[0026] A fluorine containing positive electrode active
material was formed in the same manner as in the ex-
ample 1 except that lithium fluoride (LiF) was used as a
starting material of a halogen source and was added to
have a content of fluorine in 0.001% by mass with respect
to a mass of a positive electrode active material. Thus,
a positive electrode active material c1 according to an
example 3 was obtained. The fluorine containing positive
electrode active material c1 thus obtained was hexagonal
system lithium obalt oxide (LiCoO2) and a crystallite size
in a (110) vector direction was 1050 Å.

Example 4

[0027] A fluorine containing positive electrode active
material was formed in the same manner as in the ex-
ample 1 except that lithium fluoride (LiF) was used as a
starting material of a halogen source and was added to
have a content of fluorine in 5.0% by mass with respect
to a mass of a positive electrode active material. Thus,
a positive electrode active material d1 according to an
example 4 was obtained. The fluorine containing positive
electrode active material d1 thus obtained was hexago-
nal system lithium cobalt oxide (LiCoO2) and a crystallite
size in a (110) vector direction was 1048 Å.

(5) Example 5

[0028] A fluorine containing positive electrode active
material was formed in the same manner as in the ex-
ample 1 except that lithium fluoride (LiF) was used as a
starting material of a halogen source and was added to
have a content of fluorine in 7.0% by mass with respect
to a mass of a positive electrode active material. Thus,
a positive electrode active material e1 according to an
example 5 was obtained. The fluorine containing positive
electrode active material e1 thus obtained was hexago-
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nal system lithium cobalt oxide (LiCoO2) and a crystallite
size in a (110) vector direction was 1053 Å

(6) Example 6

[0029] A fluorine containing positive electrode active
material was formed in the same manner as in the ex-
ample 1 except that lithium fluoride (LiF) was used as a
starting material of a halogen source and was added to
have a content of fluorine in 0.01% by mass with respect
to a mass of a positive electrode active material. Thus,
a positive electrode active material f1 according to an
example 6 was obtained. The fluorine containing positive
electrode active material f1 thus obtained was hexagonal
system lithium cobalt oxide (LiCoO2) and a crystallite size
in a (110) vector direction was 1045 Å.

(7) Example 7

[0030] A fluorine containing positive electrode active
material was formed in the same manner as in the ex-
ample 1 except that lithium fluoride (LiF) was used as a
starting material of a halogen source and was added to
have a content of fluorine in 0.3% by mass with respect
to a mass of a positive electrode active material. Thus,
a positive electrode active material g1 according to an
example 7 was obtained. The fluorine containing positive
electrode active material g1 thus obtained was hexago-
nal system lithium cobalt oxide (LiCoO2) and a crystallite
size in a (110) vector direction was 1050 Å.

(8) Example 8

[0031] A fluorine containing positive electrode active
material was formed in the same manner as in the ex-
ample 1 except that lithium fluoride (LiF) was used as a
starting material of a halogen source and was added to
have a content of fluorine in 0.5% by mass with respect
to a mass of a positive electrode active material. Thus,
a positive electrode active material h1 according to an
example 8 was obtained. The fluorine containing positive
electrode active material h1 thus obtained was hexago-
nal system lithium cobalt oxide (LiCoO2) and a crystallite
size in a (110) vector direction was 1052 Å.

(9) Comparative Example 1

[0032] A positive electrode active material was formed
in the same manner as in the example 1 except that a
halogen compound was not used. Thus, a positive elec-
trode active material s1 according to a comparative ex-
ample 1 was obtained. The positive electrode active ma-
terial s1 thus obtained was hexagonal system lithium co-
balt oxide (LiCoO2) and a crystallite size in a (110) vector
direction was 1042Å.

(10) Comparative Example 2

[0033] A fluorine containing positive electrode active
material was formed in the same manner as in the ex-
ample 1 except that tricobalt tetraoxide (Co3O4) having
a specific surface area of 0.9 m2/g was used for a starting
material of a cobalt source. Thus, a positive electrode
active material t1 according to a comparative example 2
was obtained. The fluoride containing positive electrode
active material t1 thus obtained was hexagonal system
lithium cobalt oxide (LiCoO2) and a crystallite size in a
(110) vector direction was 700 Å.

(11) Reference Example 1

[0034] First of all, lithium carbonate (Li2CO3) to be a
starting material of a lithium source and tricobalt tetraox-
ide (Co3O4) having a specific surface area of 0.9 m2/g to
be a starting material of a cobalt source were prepared,
and were then weighed and mixed such that a molar ratio
(Li/Co) of a lithium (Li) component of the lithium carbon-
ate (Li2CO3) to a cobalt (Co) component of the tricobalt
tetraoxide (Co3O4) is 1. A mixture thus obtained was
baked in the same manner as in the example 1 and a
baked product of LiCoO2 was synthesized. The baked
product thus synthesized was ground to have an average
particle size of 10Pm so that a positive electrode active
material u1 according to a reference example 1 was ob-
tained. The positive electrode active material u1 thus ob-
tained was hexagonal system cobalt composite oxide
(LiCoO2) and a crystallite size in a (110) vector direction
was 690Å.

2. Measurement of pH Value of Positive Electrode Active 
Material

[0035] Then, each of the positive electrode active ma-
terials a1, b1, c1, d1, e1, f1, g1, h1, s1, t1 and u1 formed
as described above was prepared in a weight of 2g and
was put in a 200 m1 beaker filled with ion-exchange water
of 150 ml. Thereafter, a stirring bar was put in the beaker
and the beaker was sealed with a film, and stirring was
then carried out for 30 minutes. Subsequently, each so-
lution thus stirred was sucked and filtered through a mem-
brane filter (manufactured by PTFE and having a pore
size of 0.1Pm) and a filtrate was then measured by a pH
meter comprising an ISFET (Ion-Selective Field Effect
Transistor : a field effect transistor comprising a gate
electrode having a sensitivity for a certain kind of ion in
an electrolyte). Consequently, results shown in the fol-
lowing Fig. 1 were obtained.
[0036] From the results of the Fig. 1, the following is
apparent. By a comparison of the positive electrode ac-
tive material u1 having a crystallite size of 690Å according
to the reference example 1 with the positive electrode
active material s1 having a crystallite size of 1042Å ac-
cording to the comparative example 1, it is apparent that
the positive electrode active material according to the
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reference example 1 has a pH value more reduced. This
implies that the pH value is increased when the crystallite
size of lithium cobalt oxide (LiCoO2) is increased. By a
comparison of the positive electrode active materials a1,
b1, c1, d1, e1, f1, g1 and h1 having a crystallite size of
1000Å or more according to the examples with the pos-
itive electrode active material s1 according to the com-
parative example 1, moreover, it is apparent that the pos-
itive electrode active materials a1, b1, c1, d1, e1, f1, g1
and h1 according to the examples have pH values more
reduced. This implies that the pH value is reduced when
fluorine is added during the burning of the lithium cobalt
oxide (LiCoO2).

3. Fabrication of Positive Electrode

[0037] Subsequently, the positive electrode active ma-
terials a1, b1, c1, d1, e1, f1, g1, h1, s1, t1 and u1 formed
as described above were used and 85 parts by mass of
each positive electrode active material, 10 parts by mass
of carbon powder to be a conducting agent and 5 parts
by mass of polyfluorovinylidene (PVdF) powder to be a
binder were mixed to prepare a positive electrode mix-
ture. Then, the positive electrode mixture thus obtained
was mixed with N-methyl pyrrolidone (NMP) to prepare
a positive electrode slurry. Thereafter, the positive elec-
trode slurry was applied to both surfaces of a positive
electrode collector having a thickness of 20Pm (an alu-
minum foil or an aluminum alloy foil) by a doctor blade
method, thereby forming an active material layer on both
surfaces of the positive electrode collector. The active
material layer was dried, and was then rolled to have a
predetermined thickness (for example, 170Pm) by using
a compression roll and was cut to have a predetermined
dimension (for example, a width of 55 mm and a length
of 500 mm). Thus, positive electrodes a, b, c, d, e, f, g,
h, s, t and u were fabricated, respectively.
[0038] The positive electrode active material a1 was
used to form the positive electrode a, the positive elec-
trode active material b1 was used to form the positive
electrode b, the positive electrode active material c1 was
used to form the positive electrode c, the positive elec-
trode active material d1 was used to form the positive
electrode d, the positive electrode active material e1 was
used to form the positive electrode e, the positive elec-
trode active material f1 was used to form the positive
electrode f, the positive electrode active material g1 was
used to form the positive electrode g, the positive elec-
trode active material h1 was used to form the positive
electrode h, the positive electrode active material s1 was
used to form the positive electrode s, the positive elec-
trode active material t1 was used to form the positive
electrode t, and the positive electrode active material u1
was used to form the positive electrode u.

4. Fabrication of Negative Electrode

[0039] 95 parts by mass of natural graphite powder

and 5 parts by mass of polyfluorovinylidene (PVdF) pow-
der to be a binder were mixed and they were then mixed
with N-methyl pyrrolidone (NMP) to prepare a negative
electrode slurry. Thereafter, the negative electrode slurry
thus obtained was applied to both surfaces of a negative
electrode collector (copper foil) having a thickness of
18Pm by a doctor blade method, thereby forming an ac-
tive material layer on both surfaces of the negative elec-
trode collector. The active material layer was dried, and
was then rolled to have a predetermined thickness (for
example, 155Pm) by using a compression roll and was
cut to have a predetermined dimension (for example, a
width of 57 mm and a length of 550 mm). Thus, a negative
electrode was fabricated.

5. Fabrication of Nonaqueous Electrolytic Secondary 
Battery

[0040] Subsequently, the positive electrodes a, b, c,
d, e, f, g, h, s, t and u fabricated as described above and
the negative electrode fabricated as described above
were used respectively to interpose a separator compris-
ing a fine porous film formed of polypropylene, and they
were then wound spirally to form a spiral electrode group.
They were inserted into cylindrical casing respectively
and a collecting tab extended from each collector was
welded to each terminal, and a nonaqueous electrolyte
having 1 mol/liter of LiPFG dissolved therein was injected
into an equivolume mixed solvent of ethylene carbonate
(EC) and diethyl carbonate (DEC).
[0041] Then, a positive electrode cover was attached
to an opening of the armoring can to be sealed, thereby
fabricating a nonaqueous electrolytic secondary battery
having a typical capacity of 1500 mAh. The positive elec-
trode a was used to form a battery A, the positive elec-
trode b was used to form a battery B, the positive elec-
trode c was used to form a battery C, the positive elec-
trode d was used to form a battery D, the positive elec-
trode e was used to form a battery E, the positive elec-
trode f was used to form a battery F, the positive electrode
g was used to form a battery G, and the positive electrode
h was used to form a battery H. Moreover, the positive
electrode s was used to form a battery S, the positive
electrode t was used to form a battery T and the positive
electrode u was used to form a battery U.

6. Measurement of High Temperature Cycle Property

[0042] Subsequently, the batteries A to H and S to U
were used to carry out a charge with a constant charge
current of 1500 mA (1It : It is a numerical value repre-
sented by a typical capacity (mA) / 1h (time)) at 60°C
until a battery voltage of 4.2 V could be obtained and to
carry out the charge with a constant battery voltage of
4.2 V until a final current of 30 mA could be obtained.
Thereafter, a charge and discharge was carried out once
such that the discharge was performed to obtain a battery
voltage of 2.75 V with a discharge current of 1500 mA
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(1It), thereby calculating a discharge capacity (an initial
capacity) after one cycle since a deintercalating time.
Consequently, results shown in the following Fig. 2 were
obtained.
[0043] Moreover, such a charge and discharge cycle
was repeated 300 times and a discharge capacity was
obtained after the 300 cycles. Subsequently, a discharge
capacity obtained after the 300 cycles for a discharge
capacity after one cycle was calculated as a capacity
retention rate (capacity retention rate (%) = (discharge
capacity after 300 cycles / discharge capacity after 1 cy-
cle) X 100) so that the results shown in the following Fig.
2 were obtained. Furthermore, an average discharge
voltage for a first cycle was obtained as shown in the
following Fig. 2.

7. Thermal Analysis of Charged Positive Electrode

[0044] Subsequently, the batteries A to H and S to U
were charged with a constant charge current of 1500 mA
(1It) at 25°C to obtain a battery voltage of 4.2 V and were
then charged with a constant battery voltage of 4.2 V to
obtain a final current of 30 mA. Thereafter, each battery
was decomposed in a dry box to take out a positive elec-
trode, and the positive electrode was washed with dime-
thyl carbonate and was vacuum dried so that a test piece
was obtained. By putting the test pieces in a thermo-
gravimetry (TG) apparatus to raise a temperature from
a room temperature (approximately 25°C) to 300°C, at
a temperature rising speed of 5°C/min, a mass of each
test piece before the temperature rise and a mass of each
test piece after the temperature rise were measured and
a mass decrease rate (TG mass decrease rate (%)) was
obtained from the results of the measurement. Thus, the
results shown in the following Fig. 2 were obtained.
[0045] The decrease in the mass was caused by the
desorption of oxygen in the positive electrode active ma-
terial from the positive electrode active material with the
rise in the temperature. In the case in which the amount
of the desorption of the oxygen (the amount of the de-
crease in the mass) is large, a thermal stability is low. In
the case in which the positive electrode active material
is used as an active material for a battery, a safety for a
heat test in a charging state is deteriorated.
[0046] As is apparent from the results of the Fig. 2, an
excellent high temperature cycle property is obtained, in
which the high temperature capacity retention rate after
300 cycles of the battery S using a positive electrode
active material having no lithium fluoride added thereto
was reduced to 63%, while the high temperature capacity
retention rates of the batteries A, B, C, D, E, F, G and H
using a positive electrode active material having the lith-
ium fluoride added thereto exceeds 80%. As a result of
the investigations of each battery after the cycle property
test, it was found that a large amount of gas is generated
in the battery S.
[0047] By a comparison of the battery T using a positive
electrode active material having a crystallite size in a

(110) vector direction of approximately 700Å with the bat-
tery U, moreover, it was found that the high temperature
retention rate after 300 cycles is low, for example, 76%
or 75% irrespective of the addition of the lithium fluoride,
while the amounts of generation of the gas from the bat-
teries T and U are small.
[0048] By a comparison of the battery T using a positive
electrode active material having a content of fluorine
equal to 0.05% by mass and a crystallite size in a (110)
vector direction of 700Å with the battery A using a positive
electrode active material having a crystallite size in the
(110) vector direction of 1045Å, furthermore, it is appar-
ent that the high temperature capacity retention rate of
the battery A is more enhanced.
[0049] Moreover, it is apparent that the batteries A, B,
C, D, E, F, G, H and S using a positive electrode active
material having a crystallite size in a (110) vector direction
of 1000Å or more have smaller TG mass decreases than
those of the batteries T and U using a positive electrode
active material having a crystallite size in the (110) vector
direction of approximately 700Å.
[0050] In consideration of the foregoing, it is preferable
that a positive electrode active material having a crystal-
lite size in the (110) vector direction of 1000Å or more
and having lithium fluoride added thereto should be used
because a battery having an excellent high temperature
capacity retention rate, a small TG mass decrease and
a great thermal stability can be obtained.
[0051] There was investigated the content of fluorine
in a battery using a positive electrode active material hav-
ing a crystallite size in the (110) vector direction of 1000Å
or more and having the lithium fluoride added thereto. It
is apparent that the high temperature capacity retention
rate is reduced by using a positive electrode active ma-
terial having the lithium fluoride added thereto such that
the content of the fluorine is 0.0007% by mass as in the
battery B. The reason is that a degree of a decrease in
the pH value is reduced due to a decrease in the content
of the fluorine, resulting in an increase in a deterioration
in the high temperature cycle property.
[0052] On the other hand, it is apparent that the initial
capacity and the high temperature capacity retention rate
are reduced when a positive electrode active material
having the lithium fluoride added thereto is used such
that the content of fluorine is 7.0% by mass as in the
battery E. It can be supposed that lithium cobalt oxide to
be used for a charge and discharge is relatively de-
creased if the content of the fluorine is increased.
[0053] On the contrary, it is apparent that the initial
capacity and the high temperature capacity retention rate
are more enhanced with the use of a positive electrode
active material having the lithium fluoride added thereto
by burning at time of synthesis such that the content of
the fluorine is 0.001 to 5.0% by mass as in the batteries
A, C, D, F, G and H.
[0054] From the foregoing, it is preferable that the lith-
ium fluoride should be added to the lithium cobalt oxide
to have a content of the fluorine of 0.001 to 5.0% by mass
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and should be baked to have a crystallite size in a (110)
vector direction of 1000Å or more. Apparently, it is more
preferable that an average discharge voltage and a high
temperature cycle capacity retention rate can be more
enhanced by adding the lithium fluoride to have a content
of the fluorine of 0.01 to 0.3% by mass and burning them
to have a crystallite size in the (110) vector direction of
1000Å or more.

8. Investigation of Lithium Cobalt Oxide substituted for 
Heterogeneous Element

[0055] Subsequently, investigations were given to a
high temperature cycle property in the case in which a
heterogeneous element was added to lithium cobalt ox-
ide and a part of cobalt was substituted for the hetero-
geneous
[0056] element.

(1) Example 9

[0057] First of all, lithium carbonate (Li2CO3) was pre-
pared as a starting material of a lithium source and trico-
balt tetraoxide (Co0.999Ti0.001)3O4 substituted for titani-
um (Ti) to be a heterogeneous element (a content of ti-
tanium was 0.999 : 0.001 in a molar ratio of cobalt to
titanium) was prepared as a starting material of a cobalt
source, and furthermore, lithium fluoride (LiF) was pre-
pared as a starting material of a halogen source. The
tricobalt tetraoxide (Co0.999Ti0.001)3O4 substituted for the
titanium (Ti) was obtained by precipitating, as composite
hydroxide, cobalt and titanium which are dissolved in an
acid solution and calcining them at 300°C.
[0058] Then, weighing and mixing were carried out
such that a molar ratio (Li / Co + Ti) of a lithium (Li) com-
ponent of lithium carbonate (Li2CO3) to a sum (Co + Ti)
of a cobalt component and a titanium component in the
tricobalt tetraoxide (Co0.999Ti0.001)3O4 having a part of
cobalt substituted for titanium (Ti) was 1, and lithium flu-
oride (LiF) was added and mixed with them such that a
content of fluorine was 0.05% by mass with respect to
the mass of a positive electrode active material.
[0059] Subsequently, a mixture thus obtained was
baked in the same manner as in the example 1 (also in
this case, a burning temperature and a burning time were
regulated such that a crystallite size in a (110) vector
direction of a baked product thus obtained was 1000Å or
more) and was ground to have an average particle size
of 10Pm so that a positive electrode active material i1
according to an example 9 was obtained. The positive
electrode active material i1 containing fluorine thus ob-
tained was hexagonal system lithium cobalt oxide
(LiCo0.999Ti0.001O2) having a part of cobalt substituted
for titanium and a crystallite size in a (110) vector direction
was 1050Å.

(2) Example 10

[0060] A mixture was obtained in the same manner as
in the example 9 except that lithium chloride (LiCl) was
used as a starting material of a halogen source to have
a content of chlorine of 0.05% by mass, and was then
baked in the same manner as in the example 9 to syn-
thesize lithium cobalt oxide (LiCo0.999Ti0.001O2) contain-
ing chlorine and having a part of cobalt substituted for
titanium. The mixture was ground to have an average
particle size of 10 Pm so that a positive electrode active
material j1 according to an example 10 was obtained.
The positive electrode active material j1 containing chlo-
rine thus obtained was hexagonal system lithium cobalt
oxide (LiCo0.999Ti0.001O2) having a part of cobalt substi-
tuted for titanium and a crystallite size in a (110) vector
direction was 1047Å.

(3) Example 11

[0061] A mixture was obtained in the same manner as
in the example 9 except that tricobalt tetraoxide
(Co0.995Ti0.005)3O4 substituted for titanium to have a con-
tent of titanium in a molar ratio of cobalt to titanium of
0.995 : 0.005 was used as a starting material of a cobalt
source and lithium fluoride (LiF) was used as a starting
material of a halogen source to have a content of fluorine
of 0.05% by mass, and was then baked in the same man-
ner as in the example 9 to synthesize lithium cobalt oxide
(LiCo0.995Ti0.005O2) containing fluorine and having a part
of cobalt substituted for titanium. The mixture was ground
to have an average particle size of 10Pm so that a positive
electrode active material k1 according to an example 11
was obtained. The positive electrode active material k1
containing chlorine thus obtained was hexagonal system
lithium cobalt oxide (LiCo0.995Ti0.005O2) having a part of
cobalt substituted for titanium and a crystallite size in a
(110) vector direction was 1032Å.

(4) Example 12

[0062] A mixture was obtained in the same manner as
in the example 9 except that lithium fluoride (LiF) was
used as a starting material of a halogen source to have
a content of fluorine of 0.0007% by mass, and was then
baked in the same manner as in the example 9 to syn-
thesize lithium cobalt oxide (LiCo0.999Ti0.001O2) contain-
ing fluorine and having a part of cobalt substituted for
titanium. The mixture was ground to have an average
particle size of 10 Pm so that a positive electrode active
material l1 according to an example 12 was obtained.
The positive electrode active material l1 containing chlo-
rine thus obtained was hexagonal system lithium cobalt
oxide (LiCo0.999Ti0.001O2) having a part of cobalt substi-
tuted for titanium and a crystallite size in a (110) vector
direction was 1052Å.
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(5) Example 13

[0063] A mixture was obtained in the same manner as
in the example 9 except that lithium fluoride (LiF) was
used as a starting material of a halogen source to have
a content of fluorine of 0.001% by mass, and was then
baked in the same manner as in the example 9 to syn-
thesize lithium cobalt oxide (LiCo0.999Ti0.001O2) contain-
ing fluorine and having a part of cobalt substituted for
titanium. The mixture was ground to have an average
particle size of 10 Pm so that a positive electrode active
material m1 according to an example 13 was obtained.
The positive electrode active material m1 containing
chlorine thus obtained was lithium cobalt oxide
(LiCo0.999Ti0.001O2) containing hexagonal system fluo-
rine and having a part of cobalt substituted for titanium
and a crystallite size in a (110) vector direction was
1051Å.

(6) Example 14

[0064] A mixture was obtained in the same manner as
in the example 9 except that lithium fluoride (LiF) was
used as a starting material of a halogen source to have
a content of fluorine of 5.0% by mass, and was then baked
in the same manner as in the example 9 to synthesize
lithium cobalt oxide (LiCo0.999Ti0.001O2) containing fluo-
rine and having a part of cobalt substituted for titanium.
The mixture was ground to have an average particle size
of 10 Pm so that a positive electrode active material n1
according to an example 14 was obtained. The positive
electrode active material n1 containing fluorine thus ob-
tained was hexagonal system lithium cobalt oxide
(LiCo0.999Ti0.001O2) having a part of cobalt substituted
for titanium and a crystallite size in a (110) vector direction
was 1040Å.

(7) Example 15

[0065] A mixture was obtained in the same manner as
in the example 9 except that lithium fluoride (LiF) was
used as a starting material of a halogen source to have
a content of fluorine of 7.0% by mass, and was then baked
in the same manner as in the example 9 to synthesize
lithium cobalt oxide (LiCo0.999Ti0.001O2) containing fluo-
rine and having a part of cobalt substituted for titanium.
The mixture was ground to have an average particle size
of 10 Pm so that a positive electrode active material o1
according to an example 15 was obtained. The positive
electrode active material o1 containing fluorine thus ob-
tained was hexagonal system lithium cobalt oxide
(LiCo0.999Ti0.001O2) having a part of cobalt substituted
for titanium and a crystallite size in a (110) vector direction
was 1042Å.

(8) Example 16

[0066] A mixture was obtained in the same manner as

in the example 9 except that lithium fluoride (LiF) was
used as a starting material of a halogen source to have
a content of fluorine of 0.01% by mass, and was then
baked in the same manner as in the example 9 to syn-
thesize lithium cobalt oxide (LiCo0.999Ti0.001O2) contain-
ing fluorine and having a part of cobalt substituted for
titanium. The mixture was ground to have an average
particle size of 10 Pm so that a positive electrode active
material p1 according to an example 16 was obtained.
The positive electrode active material p1 containing chlo-
rine thus obtained was hexagonal system lithium cobalt
oxide (LiCo0.999Ti0.001O2) having a part of cobalt substi-
tuted for titanium and a crystallite size in a (110) vector
direction was 1048Å.

(9) Example 17

[0067] A mixture was obtained in the same manner as
in the example 9 except that lithium fluoride (LiF) was
used as a starting material of a halogen source to have
a content of fluorine of 0.3% by mass, and was then baked
in the same manner as in the example 9 to synthesize
lithium cobalt oxide (LiCo0.999Ti0.001O2) containing fluo-
rine and having a part of cobalt substituted for titanium.
The mixture was ground to have an average particle size
of 10 Pm so that a positive electrode active material q1
according to an example 17 was obtained. The positive
electrode active material q1 containing fluorine thus ob-
tained was hexagonal system lithium cobalt oxide
(LiCo0.999Ti0.001O2) having a part of cobalt substituted
for titanium and a crystallite size in a (110) vector direction
was 1047Å.

(10) Example 18

[0068] A mixture was obtained in the same manner as
in the example 9 except that lithium fluoride (LiF) was
used as a starting material of a halogen source to have
a content of fluorine of 0.5% by mass, and was then baked
in the same manner as in the example 9 to synthesize
lithium cobalt oxide (LiCo0.999Ti0.001O2) containing fluo-
rine and having a part of cobalt substituted for titanium.
The mixture was ground to have an average particle size
of 10 Pm so that a positive electrode active material r1
according to an example 18 was obtained. The positive
electrode active material r1 containing fluorine thus ob-
tained was hexagonal system lithium cobalt oxide
(LiCo0.999Ti0.001O2) having a part of cobalt substituted
for titanium and a crystallite size in a (110) vector direction
was 1043Å.

(11) Comparative Example 3

[0069] A mixture was obtained in the same manner as
in the example 9 except that a halogen compound was
not used, and was then baked in the same manner as in
the example 9 to synthesize lithium cobalt oxide
(LiCo0.999Ti0.001O2) having a part of cobalt substituted
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for titanium. The mixture was ground to have an average
particle size of 10Pm so that a positive electrode active
material v1 according to a comparative example 3 was
obtained. The positive electrode active material v1 thus
obtained was hexagonal system cobalt composite oxide
(LiCo0.999Ti0.001O2) having a part of cobalt substituted
for titanium and a crystallite size in a (110) vector direction
was 1030Å.

(12) Comparative Example 4

[0070] A mixture was obtained in the same manner as
in the example 9 except that tricobalt tetraoxide
(Co0.995Ti0.005)3O4 substituted for titanium to have a con-
tent of titanium in a molar ratio of cobalt to titanium of
0.995 : 0.005 was used as a starting material of a cobalt
source and a halogen compound was not used, and was
then baked in the same manner as in the example 9 to
synthesize lithium cobalt oxide (LiCo0.995Ti0.005O2) hav-
ing a part of cobalt substituted for titanium. The mixture
was ground to have an average particle size of 10Pm so
that a positive electrode active material w1 according to
a comparative example 4 was obtained. The positive
electrode active material w1 thus obtained was hexago-
nal system cobalt composite oxide (LiCo0.995Ti0.005O2)
having a part of cobalt substituted for titanium and a crys-
tallite size in a (110) vector direction was 1010Å.

(13) Comparative Example 5

[0071] Lithium carbonate (Li2CO3) to be a starting ma-
terial of a lithium source, manganese dioxide (MnO2) to
be a starting material of a manganese source and chro-
mium oxide (Cr2O3) to be a chromium source were pre-
pared respectively, and were then weighed and mixed
such that a molar ratio of lithium, manganese and chro-
mium was 1.04 : 1.86 : 0.1, and furthermore, lithium flu-
oride (LiF) was added and mixed with them to have a
content of fluorine of 0.05% by mass.
[0072] Subsequently, a mixture thus obtained was
baked in the air for 20 hours at 800°C to synthesize a
baked product of Li1.04Mn1.86Cr0.1O4. Then, the baked
product thus synthesized was ground to have an average
particle size of 10Pm. Consequently, a positive electrode
active material x1 according to a comparative example
5 was obtained. The positive electrode active material
x1 containing fluorine thus obtained was manganese
composite oxide having a spinel structure.

(14) Comparative Example 6

[0073] A mixture was obtained in the same manner as
in the example 9 except that a halogen compound was
not used, and was then baked in the same manner as in
the example 9 to synthesize a baked product of lithium
cobalt oxide (LiCo0.999Ti0.001O2) having a part of cobalt
substituted for titanium. Subsequently, 5.0% by mass of
lithium fluoride (LiF) was added to the baked product thus

synthesized and was then heat treated for five hours at
350°C, and LiCo0.999Ti0.001O2 was caused to contain flu-
orine and was ground to have an average particle size
of 10Pm so that a positive electrode active material y1
according to a comparative example 6 was obtained. The
positive electrode active material y1 containing fluorine
thus obtained was hexagonal system cobalt composite
oxide (LiCo0.999Ti0.001O2) having a part of cobalt substi-
tuted for titanium and a crystallite size in a (110) vector
direction was 1040Å.

(15) Reference Example 2

[0074] A baked product of Li1.04Mn1.86Cr0.1O4 was
synthesized in the same manner as in the comparative
example 5 except that lithium fluoride was not added at
time of synthesis. Then, the baked product thus synthe-
sized was ground to have an average particle size of
10Pm so that a positive active material z1 according to
a reference example 2 was obtained. The positive elec-
trode active material z1 thus obtained was manganese
composite oxide having a spinel structure.
[0075] By using the positive electrode active materials
i1 to r1 and v1 to z1 fabricated as described above, sub-
sequently, the pH values of the positive electrode active
materials were measured in the same manner as de-
scribed above. Consequently, results shown in the fol-
lowing Fig. 3 were obtained.
[0076] The following is apparent from the results of the
Fig. 3. More specifically, it is apparent that the positive
electrode active materials v1 and w1 according to the
comparative examples 3 and 4 which have a part of cobalt
substituted for Ti to be a heterogeneous element have
pH values more increased than those of the positive elec-
trode active material s1 (see the Fig. 1) according to the
comparative example 1. This implies that the pH value
is increased if a part of cobalt of lithium cobalt oxide
(LiCoO2) is substituted for a heterogeneous element.
[0077] By a comparison of the positive electrode active
material y1 according to the comparative example 6 to
which fluorine is added after the lithium cobalt oxide
(LiCo0.999Ti0.001O2) substituted for Ti to be the hetero-
geneous element is synthesized with the positive elec-
trode active material i1 according to the example 9 which
contains the fluorine at time of the synthesis, moreover,
it is apparent that the positive electrode active material
i1 has a smaller pH value. The reason is that the state
of presence of the fluorine is changed when the fluorine
is added after the synthesis. This implies that the pH val-
ue is more reduced by the addition of the fluorine at time
of the synthesis of the lithium cobalt oxide
(LiCo0.999Ti0.001O2) having a part of cobalt substituted
for titanium than the addition of the fluorine after the syn-
thesis of the lithium cobalt oxide (LiCo0.999Ti0.001O2) hav-
ing a part of cobalt substituted for titanium.
[0078] It is apparent that the positive electrode active
material x1 according to the comparative example 5
which is obtained by adding lithium fluoride to spinel type
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lithium manganese oxide (Li1.04Mn1.86Cr0.1O4) substitut-
ed for Cr to be a heterogeneous element has a pH value
which is equal to the pH value of the positive electrode
active material z1 according to the reference example 2
having no fluorine added thereto and is not reduced even
if the fluorine is added. Accordingly, it is supposed that
the spinel type lithium manganese oxide and the lithium
cobalt oxide have different effects of containing the flu-
orine.
[0079] By using the positive electrode active materials,
subsequently, a positive electrode i (using the positive
electrode active material i1), a positive electrode j (using
the positive electrode active material j1), a positive elec-
trode k (using a positive electrode active material k1), a
positive electrode l (using a positive electrode active ma-
terial l1), a positive electrode m (using a positive elec-
trode active material m1), a positive electrode n (using a
positive electrode active material n1), a positive electrode
o (using a positive electrode active material o1), a positive
electrode p (using a positive electrode active material
p1), a positive electrode q (using a positive electrode
active material q1) and a positive electrode r (using a
positive electrode active material r1) were fabricated re-
spectively in the same manner as described above.
Moreover, a positive electrode v (using the positive elec-
trode active material v1), a positive electrode w (using
the positive electrode active material w1), a positive elec-
trode x (using the positive electrode active material x1),
a positive electrode y (using the positive electrode active
material y1) and a positive electrode z (using the positive
electrode active material z1) were fabricated, respective-
ly.
[0080] By using the positive electrodes, then, non-
aqueous electrolytic secondary batteries I (using the pos-
itive electrode i), J (using the positive electrode j), K (us-
ing the positive electrode k), L (using the positive elec-
trode 1), M (using the positive electrode m), N (using the
positive electrode n), O (using the positive electrode o),
P (using the positive electrode p), Q (using the positive
electrode q), R (using the positive electrode r), V (using
the positive electrode v), W (using the positive electrode
w), X (using the positive electrode x), Y (using the positive
electrode y) and Z (using the positive electrode z) were
fabricated respectively in the same manner as described
above. By using the batteries I to R and V to Z, thereafter,
a discharge capacity (an initial capacity) after one cycle,
a capacity retention rate after 300 cycles, an average
discharge voltage for a first cycle and a TG mass de-
crease rate were calculated in the same manner as de-
scribed above so that results shown in the following Fig.
4 were obtained.
[0081] As is apparent from the results of the Fig. 4, an
excellent high temperature cycle property can be ob-
tained, in which the high temperature capacity retention
rates after 300 cycles of the batteries V, W, X and Z using
the positive electrode active material having a part of
cobalt substituted for Ti to be a heterogeneous element
and having no lithium fluoride added thereto were greatly

reduced at the level of 50%, while the high temperature
capacity retention rates of the batteries I, J, K, L, M, N,
O, P, Q and R using the positive electrode active material
having a part of cobalt substituted for Ti to be a hetero-
geneous element and having lithium fluoride or lithium
chloride added thereto are more than 80%.
[0082] Moreover, it is apparent that the batteries I, J,
K, L, M, N, O, P, Q and R using the positive electrode
active material having a part of cobalt substituted for Ti
to be a heterogeneous element have higher average dis-
charge voltages than those of the batteries A, B, C, D,
E, F, G and H (see the Fig. 2) using a positive electrode
active material which is not substituted for a heteroge-
neous element. The reason is that a part of cobalt is sub-
stituted for the heterogeneous element, resulting in an
enhancement in the ion conducting property of the pos-
itive electrode active material.
[0083] Consequently, a part of cobalt is substituted for
the heterogeneous element and a halogen compound
such as lithium fluoride or lithium chloride is added. Thus,
it is possible to obtain a nonaqueous electrolytic second-
ary battery which is excellent in an average discharge
voltage and a capacity retention rate.
[0084] Investigations will be given to the amount of hal-
ogen to be added to the positive electrode active material
having a part of cobalt substituted for the heterogeneous
element. It is apparent that the high temperature capacity
retention rate is reduced by using the positive electrode
active material having lithium fluoride added thereto such
that the content of fluorine is 0.0007% by mass as in the
battery L. The reason is that the degree of the reduction
in the pH value is decreased and a deterioration in the
high temperature cycle property is increased if the con-
tent of the fluorine is decreased.
[0085] On the other hand, it is apparent that the initial
capacity and the high temperature capacity retention rate
are reduced by using the positive electrode active mate-
rial having the lithium fluoride added thereto such that
the content of the fluorine is 7.0% by mass as in the bat-
tery O. The reason is that lithium cobalt oxide to be used
for a charge and discharge is relatively decreased if the
content of the fluorine is too increased.
[0086] On the contrary, it is apparent that the initial
capacity and the high temperature capacity retention rate
are more enhanced than those in the batteries L and O
by using the positive electrode active material having lith-
ium fluoride or lithium chloride added thereto such that
the content of the fluorine is 0.001 to 5.0% by mass as
in the batteries I, J, K, M, N, P, Q and R.
[0087] From the foregoing, it is preferable that the lith-
ium fluoride or the lithium chloride should be added to
the lithium cobalt oxide having a part of cobalt substituted
for a heterogeneous element such that the content of
fluorine is 0.001 to 5.0% by mass and they should be
baked to have a crystallite size in a (110) vector direction
of 1000Å or more. Furthermore, it is more preferable that
the lithium fluoride should be added to have a content of
the fluorine of 0.01 to 0.3% by mass and they should be
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baked to have a crystallite size in the (110) vector direc-
tion of 1000Å or more, resulting in an enhancement in
the average discharge voltage and the high temperature
cycle capacity retention rate.
[0088] Furthermore, investigations will be given to the
difference in a type of halogen. By a comparison of the
initial capacities and the high temperature capacity re-
tention rates of the batteries I and J in which lithium cobalt
oxide (LiCo0.999Ti0.001O2) including a part of cobalt sub-
stituted for Ti to be the heterogeneous element has an
equal content of halogen, it is apparent that the battery
J containing chlorine should maintain a large initial ca-
pacity and a great high temperature capacity retention
rate which are slightly lower than those of the battery I
containing fluorine.
[0089] Consequently, it is preferable that the lithium
cobalt oxide (LiCo0.999Ti0.001O2) including a part of co-
balt substituted for a heterogeneous element should be
caused to contain halogen irrespective of the type of hal-
ogen. Even if another halogen such as bromine (Br), io-
dine (I) or astatine (At) is used in addition to fluorine and
chlorine, the same effects can be obtained.
[0090] By a comparison of the battery X using the pos-
itive electrode active material according to the compar-
ative example 5 in which the lithium fluoride is added to
the spinel type lithium manganese oxide
(Li1.04Mn1.86Cr0.1O4) having a part of manganese sub-
stituted for Cr to be a heterogeneous element with the
battery Z using the positive electrode active material ac-
cording to the reference example 2 to which the fluorine
is not added, it is apparent that the high temperature cycle
propertys are not enhanced at a capacity retention rate
of 50% after 300 cycles. Accordingly, it is clear that the
spinel type lithium manganese oxide and the lithium co-
balt oxide have different effects from each other and the
capacity retention rate cannot be enhanced even if the
spinel type lithium manganese oxide contains fluorine.
[0091] As described above, in the invention, the syn-
thesis conditions are optimized and the halogen com-
pound is added at time of the synthesis of the hexagonal
system lithium containing cobalt oxide having a crystallite
size in the (110) direction of 1000Å. Therefore, it is pos-
sible to obtain a nonaqueous electrolytic secondary bat-
tery having small deterioration in the high temperature
cycle property and the capacity.
[0092] While the example in which titanium (Ti) is used
as the heterogeneous element for substituting a part of
cobalt of the hexagonal system lithium containing cobalt
oxide has been described in the embodiment, the heter-
ogeneous element for substituting a part of the cobalt of
the hexagonal system lithium containing cobalt oxide
may be selected from vanadium (V), chromium (Cr), iron
(Fe), manganese (Mn), nickel (Ni) and aluminum (Al).
[0093] While the example in which the 3-component
mixture mixing a first component comprising a lithium
compound, a second compound comprising cobalt com-
posite oxide having a part of cobalt substituted for Ti to
be the heterogeneous metal, and a third component com-

prising a halogen compound is baked to form the hexag-
onal system lithium containing cobalt oxide having a part
of cobalt substituted for the heterogeneous element has
been described in the embodiment, it is also possible to
form the hexagonal system lithium containing cobalt ox-
ide having a part of cobalt substituted for the heteroge-
neous element by burning a 4-compound mixture mixing
a first component comprising a lithium compound, a sec-
ond component comprising a cobalt compound such as
cobalt oxide, a third component comprising a compound
such as oxide containing at least one kind of element
selected from V, Cr, Fe, Mn, Ni, Al and Ti, and a fourth
component comprising a halogen compound when form-
ing the hexagonal system lithium containing cobalt oxide
having a part of cobalt substituted for the heterogeneous
element.
[0094] For the negative electrode active material,
moreover, it is also possible to use a carbon based ma-
terial capable of intercalating and deintercalating a lithi-
um ion, for example, carbon black, coke, glassy carbon,
carbon fiber or their baked products in addition to natural
graphite or to use metal oxide in which the electric po-
tential of metal lithium, a lithium alloy such as a lithium -
aluminum alloy, a lithium - lead alloy or a lithium - tin
alloy, SnO2, SnO, TiO2 or Nb2O3 is lower than that of the
positive electrode active material.
[0095] For the mixed solvent, furthermore, it is also
possible to use an aprotic solvent having no capability to
supply a hydrogen ion in addition to a mixture obtained
by mixing diethyl carbonate (DEC) with the ethylene car-
bonate (EC) and to use an organic solvent such as pro-
pylene carbonate (PC), vinylene carbonate (VC) or buty-
lene carbonate (BC), and a mixed solvent obtained by
mixing them with a low boiling point solvent such as dime-
thyl carbonate (DMC), ethyl methyl carbonate (EMC),
1,2-diethoxyethane (DEE), 1,2-dimethoxyethane (DME)
or ethoxy methoxy ethane (EME). For a solute to be dis-
solved in these solvents, moreover, it is also possible to
use LiBF4, LiCF3SO3, LiAsF6, LiN(CF3SO2)2, LiC
(CF3SO2)3 and LiCF3(CF2)3SO3 in addition to LiPF6. Fur-
thermore, it is also possible to use an electrolyte such as
a polymer electrolyte, a gel-like electrolyte obtained by
impregnating a nonaqueous electrolyte in polymer or a
solid electrolyte without departing from the scope of the
invention.

Claims

1. A nonaqueous electrolytic secondary battery com-
prising a positive electrode active material capable
of intercalating and deintercalating a lithium ion, a
negative electrode active material capable of inter-
calating and deintercalating the lithium ion, and a
nonaqueous electrolyte,
characterized in that the positive electrode active
material is hexagonal system lithium containing co-
balt composite oxide having a crystallite size in a
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(110) vector direction of 1000 Å or more and having
halogen added thereto by burning at time of synthe-
sis.

2. The nonaqueous electrolytic secondary battery ac-
cording to claim 1, wherein the halogen has a content
of 0.001% by mass to 5.0% by mass for a mass of
the positive electrode active material.

3. The nonaqueous electrolytic secondary battery ac-
cording to claim 1, wherein the hexagonal system
lithium containing cobalt composite oxide having the
halogen added thereto is lithium cobalt oxide having
the halogen added thereto.

4. The nonaqueous electrolytic secondary battery ac-
cording to claim 2, wherein the hexagonal system
lithium containing cobalt composite oxide having the
halogen added thereto is lithium cobalt oxide having
the halogen added thereto.

5. The nonaqueous electrolytic secondary battery ac-
cording to claim 1, wherein the hexagonal system
lithium containing cobalt composite oxide having the
halogen added thereto is lithium cobalt oxide having
the halogen added thereto, having a part of cobalt
substituted for at least one kind of heterogeneous
element selected from V, Cr, Fe, Mn, Ni, Al and Ti,
and having a molar ratio of the heterogeneous ele-
ment to the cobalt of 0.0001 to 0.005.

6. The nonaqueous electrolytic secondary battery ac-
cording to claim 2, wherein the hexagonal system
lithium containing cobalt composite oxide having the
halogen added thereto is lithium cobalt oxide having
the halogen added thereto, having a part of cobalt
substituted for at least one kind of heterogeneous
element selected from V, Cr, Fe, Mn, Ni, Al and Ti,
and having a molar ratio of the heterogeneous ele-
ment to the cobalt of 0.0001 to 0.005.

7. The nonaqueous electrolytic secondary battery ac-
cording to claim 1, wherein the halogen is fluorine.

8. The nonaqueous electrolytic secondary battery ac-
cording to claim 4, wherein the halogen is fluorine.

9. The nonaqueous electrolytic secondary battery ac-
cording to claim 6, wherein the halogen is fluorine.

10. A method of manufacturing a nonaqueous electro-
lytic secondary battery including a positive electrode
active material capable of intercalating and deinter-
calating a lithium ion, a negative electrode active ma-
terial capable of intercalating and deintercalating the
lithium ion, and a nonaqueous electrolyte, charac-
terized in that comprising the steps of:

mixing a first component having a lithium com-
pound, a second component having a cobalt
compound used as a precursor, which is Co3O4
having a specific surface area of 8,3 m2/g, and
a third component having a halogen compound
to obtain a 3-component mixture; and
burning the 3-component mixture at a burning
temperature of 980°C for 24 hours to have a
crystallite size in a (110) vector direction of 1000
Å or more.

11. The method of manufacturing a nonaqueous elec-
trolytic secondary battery according to claim 10,
wherein the halogen compound is added such that
a content of a halogen component to a mass of the
positive electrode active material is 0.001% by mass
to 5.0% by mass.

12. The method of manufacturing a nonaqueous elec-
trolytic secondary battery according to claim 10,
wherein the halogen compound is lithium fluoride.

13. The method of manufacturing a nonaqueous elec-
trolytic secondary battery according to claim 11,
wherein the halogen compound is lithium fluoride.

14. A method of manufacturing a nonaqueous electro-
lytic secondary battery including a positive electrode
active material capable of intercalating and deinter-
calating a lithium ion, a negative electrode active ma-
terial capable of intercalating and deintercalating the
lithium ion, and a nonaqueous electrolyte, charac-
terized in that comprising the steps of:

mixing a first component having a lithium com-
pound, a second component including a cobalt
composite compound used as a precursor,
which is Co3O4 having a specific surface area
of 8.3 m2/g having a part of cobalt substituted
for at least one kind of heterogeneous element
selected from V, Cr, Fe, Mn, Ni, Al and Ti, and
a third component having a halogen compound
to obtain a 3-component mixture; and
burning the 3-component mixture at a burning
temperature of 980°C for 24 hours to have a
crystallite size in a (110) vector direction of 1000
Å or more.

15. The method of manufacturing a nonaqueous elec-
trolytic secondary battery according to claim 14,
wherein the halogen compound is added such that
a content of a halogen component to a mass of the
positive electrode active material is 0.001% by mass
to 5.0% by mass.

16. The method of manufacturing a nonaqueous elec-
trolytic secondary battery according to claim 14,
wherein the halogen compound is lithium fluoride.
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17. The method of manufacturing a nonaqueous elec-
trolytic secondary battery according to claim 15,
wherein the halogen compound is lithium fluoride.

18. A method of manufacturing a nonaqueous electro-
lytic secondary battery including a positive electrode
active material capable of intercalating and deinter-
calating a lithium ion, a negative electrode active ma-
terial capable of intercalating and deintercalating the
lithium ion, and a nonaqueous electrolyte, charac-
terized in that comprising the steps of:

mixing a first component having a lithium com-
pound, a second component having a cobalt
compound used as a precursor, which is Co3O4
having a specific surface area of 8,3 m2/g, a third
component having a compound at a turning fm-
perature of 980°C for 24 fours containing at least
one kind of element selected from V, Cr, Fe, Mn,
Ni, Al and Ti, and a fourth component having a
halogen compound to obtain a 4-component
mixture; and
burning the 4-component mixture at a burning
temperature of 980°C for 24 fours to have a crys-
tallite size in a (110) vector direction of 1000 Å
or more.

19. The method of manufacturing a nonaqueous elec-
trolytic secondary battery according to claim 18,
wherein the halogen compound is added such that
a content of a halogen component to a mass of the
positive electrode active material is 0.001% by mass
to 5.0% by mass.

20. The method of manufacturing a nonaqueous elec-
trolytic secondary battery according to claim 18,
wherein the halogen compound is lithium fluoride.

21. The method of manufacturing a nonaqueous elec-
trolytic secondary battery according to claim 19,
wherein the halogen compound is lithium fluoride.

Patentansprüche

1. Nichtwässriger-Elektrolyt-Sekundärbatterie, die ein
positives aktives Elektrodenmaterial, das in der Lage
ist, ein Lithium-lon einzulagern und auszulagern, ein
negatives aktives Elektrodenmaterial, das in der La-
ge ist, das Lithium-lon einzulagern und auszulagern,
und einen nichtwässrigen Elektrolyten umfasst,
dadurch gekennzeichnet, dass das positive aktive
Elektrodenmaterial Lithium enthaltendes Hexago-
nalsystem-Kobalt-Mischoxid ist, das eine Kristallit-
größe in einer (110)-Vektorrichtung von 1000 Å oder
mehr aufweist und durch Brennen zum Zeitpunkt der
Synthese zugesetztes Halogen aufweist.

2. Nichtwässriger-Elektrolyt-Sekundärbatterie gemäß
Anspruch 1, wobei das Halogen einen Gehalt von
0,001 Massen-% bis 5,0 Massen-% für die Masse
des positiven aktiven Elektrodenmaterials aufweist.

3. Nichtwässriger-Elektrolyt-Sekundärbatterie gemäß
Anspruch 1, wobei das Litihum enthaltende Hexa-
gonalsytem-Kobalt-Mischoxid, welches das zuge-
setzte Halogen aufweist, Litihum-Kobaltoxid, wel-
ches das zugesetzte Halogen aufweist, ist.

4. Nichtwässriger Elektrolyt-Sekundärbatterie gemäß
Anspruch 2, wobei das Lithium enthaltende Hexa-
gonalsystem-Kobalt-Mischoxid, welches das zuge-
setzte Halogen aufweist, Lithium-Kobaltoxid, wel-
ches das zugesetzte Halogen aufweist, ist.

5. Nichtwässriger Elektrolyt-Sekundärbatterie gemäß
Anspruch 1, wobei das Lithium enthaltende Hexa-
gonalsystem-Kobalt-Mischoxid, welches das zuge-
setzte Halogen aufweist, Lithium-Kobaltoxid ist, wel-
ches das zugesetzte Halogen aufweist, bei welchem
ein Teil des Kobalts durch mindestens eine Art von
heterogenem Element ausgewählt aus V, Cr, Fe,
Mn, Ni, Al und Ti ist und ein Molverhältnis des hete-
rogenen Elements zu dem Kobalt von 0,0001 bis
0,005 aufweist.

6. Nichtwässriger-Elektrolyt-Sekundärbatterie gemäß
Anspruch 2, wobei das Lithium enthaltende Hexa-
gonalsystem-Kobalt-Mischoxid, welches das zuge-
setzte Halogen aufweist, Lithium-Kobaltoxid ist, wel-
ches das zugesetzte Halogen aufweist, bei welchem
ein Teil des Kobalts durch mindestens eine Art von
heterogenem Element ausgewählt aus V, Cr, Fe,
Mn, Ni, Al und Ti ist und ein Molverhältnis des hete-
rogenen Elements zu dem Kobalt von 0,0001 bis
0,005 ausweist.

7. Nichtwässriger-Elektrolyt-Sekundärbatterie gemäß
Anspruch 1, wobei das Halogen Fluor ist.

8. Nichtwässriger-Elektrolyt-Sekundärbatterie gemäß
Anspruch 4, wobei das Halogen Fluor ist.

9. Nichtwässriger-Elektrolyt-Sekundärbatterie gemäß
Anspruch 6, wobei das Halogen Fluor ist.

10. Verfahren zur Herstellung einer Nichtwässriger-
Elektrolyt-Sekundärbatterie, die ein positives akti-
ves Elektrodenmaterial, das in der Lage ist, ein Li-
thium-lon einzulagern und auszulagern, ein negati-
ves aktives Elektrodenmaterial, das in der Lage ist,
das Lithium-lon einzulagern und auszulagern, und
einen nichtwässrigen Elektrolyten einschließt, da-
durch gekennzeichnet, das es die Schritte um-
fasst:
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Mischen einer ersten Komponente, die eine Li-
thiumverbindung aufweist, einer zweiten Kom-
ponente, die eine Kobaltverbindung aufweist,
die als ein Vorläufer verwendet wird, der Co3O4
mit einer spezifischen Oberfläche von 8,3 m2/g
ist, und einer dritten Komponente, die eine Ha-
logenverbindung aufweist, um eine Dreikompo-
nentenmischung zu erhalten; und
Brennen der Dreikomponentenmischung bei ei-
ner Brenntemperatur von 980°C für 24 Stunden,
um eine Kristallitgröße in einer (110)-Vektorrich-
tung von 1000 Å oder mehr aufzuweisen.

11. Verfahren zur Herstellung einer Nichtwässriger-
Elektrolyt-Sekundärbatterie gemäß Anspruch 10,
wobei die Halogenverbindung so zugesetzt wird, das
ein Gehalt einer Halogenverbindung zu einer Masse
des positiven aktiven Elektrodenmaterials 0,001
Massen-% bis 5,0 Massen-% ist.

12. Verfahren zur Herstellung einer Nichtwässriger-
Elektrolyt-Sekundärbatterie gemäß Anspruch 10,
wobei die Halogenverbindung Lithiumfluorid ist.

13. Verfahren zur Herstellung einer Nichtwässriger-
Elektrolyt-Sekundärbatterie gemäß Anspruch 11,
wobei die Halogenverbindung Lithiumfluorid ist.

14. Verfahren zur Herstellung einer Nichtwässriger-
Elektrolyt-Sekundärbatterie, die ein positives akti-
ves Elektrodenmaterial, das in der Lage ist, ein Li-
thium-lon einzulagern und auszulagern, ein negati-
ves aktives Elektrodenmaterial, das in der Lage ist,
das Lithium-lon einzulagern und auszulagern, und
einen nichtwässrigen Elektrolyten einschließt, da-
durch gekennzeichnet, das es die Schritte um-
fasst:

Mischen einer ersten Komponente, die eine Li-
thiumverbindung aufweist, einer zweiten Kom-
ponente, die eine Kobaltmischverbindung auf-
weist, die als ein Vorläufer verwendet wird, der
Co3O4 mit einer spezifischen Oberfläche von
8,3 m2/g ist, bei welcher ein Teil des Kobalts
durch mindestens einer Art von heterogenem
Element ausgewählt aus V, Cr, Fe, Mn, Ni, Al
und Ti ausgetauscht ist, und einer dritten Kom-
ponente, die eine Halogenverbindung aufweist,
um eine Dreikomponentenmischung zu erhal-
ten; und
Brennen der Dreikomponentenmischung bei ei-
ner Brenntemperatur von 980°C für 24 Stunden,
um eine Kristallitgröße in einer (110)-Vektorrich-
tung von 1000 Å oder mehr aufzuweisen.

15. Verfahren zur Herstellung einer Nichtwässriger-
Elektrolyt-Sekundärbatterie gemäß Anspruch 14,
wobei die Halogenverbindung so zugesetzt wird, das

ein Gehalt einer Halogenverbindung zu einer Masse
des positiven aktiven Elektrodenmaterials 0,001
Massen-% bis 5,0 Massen-% ist.

16. Verfahren zur Herstellung einer Nichtwässriger-
Elektrolyt-Sekundärbatterie gemäß Anspruch 14,
wobei die Halogenverbindung Lithiumfluorid ist.

17. Verfahren zur Herstellung einer Nichtwässriger-
Elektrolyt-Sekundärbatterie gemäß Anspruch 15,
wobei die Halogenverbindung Lithiumfluorid ist.

18. Verfahren zur Herstellung einer Nichtwässriger-
Elektrolyt-Sekundärbatterie, die ein positives akti-
ves Elektrodenmaterial, das in der Lage ist, ein Li-
thium-lon einzulagern und auszulagern, ein negati-
ves aktives Elektrodenmaterial, das in der Lage ist,
das Lithium-lon einzulagern und auszulagern, und
einen nichtwässrigen Elektrolyten einschließt, da-
durch gekennzeichnet, das es die Schritte um-
fasst:

Mischen einer ersten Komponente, die eine Li-
thiumverbindung aufweist, einer zweiten Kom-
ponente, die eine Kobaltverbindung aufweist,
die als ein Vorläufer verwendet wird, der Co3O4
mit einer spezifischen Oberfläche von 8,3 m2/g
ist, einer dritte Komponente, die eine Verbin-
dung aufweist, die mindestens eine Art von Ele-
ment ausgewählt aus V, Cr, Fe, Mn, Ni, Al und
Ti enthält, und einer vierten Komponente, die
eine Halogenverbindung aufweist, um eine Vier-
komponentenmischung zu erhalten; und
Brennen der Vierkomponentenmischung bei ei-
ner Brenntemperatur von 980°C für 24 Stunden,
um eine Kristallitgröße in einer (110)-Vektorrich-
tung von 1000 Å oder mehr aufzuweisen.

19. Verfahren zur Herstellung einer Nichtwässriger-
Elektrolyt-Sekundärbatterie gemäß Anspruch 18,
wobei die Halogenverbindung so zugesetzt wird, das
ein Gehalt einer Halogenkomponente zu einer Mas-
se des positiven aktiven Elektrodenmaterials 0,001
Massen-% bis 5,0 Massen-% ist.

20. Verfahren zur Herstellung einer Nichtwässriger-
Elektrolyt-Sekundärbatterie gemäß Anspruch 18,
wobei die Halogenverbindung Lithiumfluorid ist.

21. Verfahren zur Herstellung einer Nichtwässriger-
Elektrolyt-Sekundärbatterie gemäß Anspruch 19,
wobei die Halogenverbindung Lithiumfluorid ist.

Revendications

1. Accumulateur secondaire électrolytique non aqueux
comprenant une matière active d’électrode positive
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capable d’intercaler et de désintercaler un ion li-
thium, une matière active d’électrode négative ca-
pable d’intercaler et de désintercaler l’ion lithium et
un électrolyte non aqueux,
caractérisé en ce que la matière active d’électrode
positive est un oxyde composite de cobalt contenant
du lithium de système hexagonal présentant une
taille de cristallite dans une direction de vecteur (110)
de 1 000 Å ou supérieure et présentant un halogène
ajouté à celui-ci, par calcination au moment de la
synthèse.

2. Accumulateur secondaire électrolytique non aqueux
selon la revendication 1, dans lequel l’halogène pré-
sente une teneur de 0,001 % en masse à 5,0 % en
masse pour une masse de la matière active d’élec-
trode positive.

3. Accumulateur secondaire électrolytique non aqueux
selon la revendication 1, dans lequel l’oxyde com-
posite de cobalt contenant du lithium de système
hexagonal présentant l’halogène ajouté à celui-ci est
un oxyde de lithium et de cobalt présentant l’halogè-
ne ajouté à celui-ci.

4. Accumulateur secondaire électrolytique non aqueux
selon la revendication 2, dans lequel l’oxyde com-
posite de cobalt contenant du lithium de système
hexagonal présentant l’halogène ajouté à celui-ci est
un oxyde de lithium et de cobalt présentant l’halogè-
ne ajouté à celui-ci.

5. Accumulateur secondaire électrolytique non aqueux
selon la revendication 1, dans lequel l’oxyde com-
posite de cobalt contenant du lithium de système
hexagonal présentant l’halogène ajouté à celui-ci est
un oxyde de lithium et de cobalt présentant l’halogè-
ne ajouté à celui-ci, ayant une partie de cobalt subs-
tituée par au moins un type d’élément hétérogène
choisi parmi V, Cr, Fe, Mn, Ni, Al et Ti et présentant
un rapport molaire de l’élément hétérogène au cobalt
de 0,0001 à 0,005.

6. Accumulateur secondaire électrolytique non aqueux
selon la revendication 2, dans lequel l’oxyde com-
posite de cobalt contenant du lithium de système
hexagonal présentant l’halogène ajouté à celui-ci est
un oxyde de lithium et de cobalt présentant l’halogè-
ne ajouté à celui-ci, présentant une partie de cobalt
substituée par au moins un type d’élément hétéro-
gène choisi parmi V, Cr, Fe, Mn, Ni, Al et Ti, et pré-
sentant un rapport molaire de l’élément hétérogène
au cobalt de 0,0001 à 0,005.

7. Accumulateur secondaire électrolytique non aqueux
selon la revendication 1, dans lequel l’halogène est
le fluor.

8. Accumulateur secondaire électrolytique non aqueux
selon la revendication 4, dans lequel l’halogène est
le fluor.

9. Accumulateur secondaire électrolytique non aqueux
selon la revendication 6, dans lequel l’halogène est
le fluor.

10. Procédé de fabrication d’un accumulateur secondai-
re électrolytique non aqueux comprenant une ma-
tière active d’électrode positive capable d’intercaler
et de désintercaler un ion lithium, une matière active
d’électrode négative capable d’intercaler et de dé-
sintercaler l’ion lithium et un électrolyte non aqueux
caractérisé en ce qu’il comprend les étapes
consistant :

à mélanger un premier constituant présentant
un composé de lithium, un second constituant
présentant un composé de cobalt utilisé comme
un précurseur, qui est Co3O4 présentant une
surface spécifique de 8,3 m2/g et un troisième
constituant présentant un composé d’halogène
pour obtenir un mélange triconstituant ; et
à calciner le mélange triconstituant à une tem-
pérature de calcination de 980°C pendant 24 h
pour présenter une dimension de cristallite dans
une direction de vecteur (110) de 1 000 Å ou
supérieure.

11. Procédé de fabrication d’un accumulateur secondai-
re électrolytique non aqueux selon la revendication
10, dans lequel le composé d’halogène est ajouté
de telle sorte qu’une teneur en constituant d’halogè-
ne par rapport à une masse de la matière active
d’électrode positive est de 0,001 % en masse à 5,0
% en masse.

12. Procédé de fabrication d’un accumulateur secondai-
re électrolytique non aqueux selon la revendication
10, dans lequel le composé d’halogène est le fluo-
rure de lithium.

13. Procédé de fabrication d’un accumulateur secondai-
re électrolytique non aqueux selon la revendication
11, dans lequel le composé d’halogène est le fluo-
rure de lithium.

14. Procédé de fabrication d’un accumulateur secondai-
re électrolytique non aqueux comprenant une ma-
tière active d’électrode positive capable d’intercaler
et de désintercaler un ion lithium, une matière active
d’électrode négative capable d’intercaler et de dé-
sintercaler l’ion lithium et un électrolyte non aqueux
caractérisé en ce qu’il comprend les étapes
consistant :

à mélanger un premier constituant présentant
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un composé de lithium, un second constituant
comprenant un composé de composite de co-
balt utilisé comme un précurseur, lequel est
Co3O4 présentant une surface spécifique de 8,3
m2/g présentant une partie de cobalt substituée
par au moins un type d’élément hétérogène
choisi parmi V, Cr, Fe, Mn, Ni, Al et Ti, et un
troisième constituant présentant un composé
d’halogène pour obtenir un mélange
triconstituant ; et
à calciner le mélange triconstituant à une tem-
pérature de calcination de 980°C pendant 24 h
pour présenter une dimension de cristallite dans
une direction de vecteur (110) de 1 000 Å ou
supérieure.

15. Procédé de fabrication d’un accumulateur secondai-
re électrolytique non aqueux selon la revendication
14, dans lequel le composé d’halogène est ajouté
de telle sorte qu’une teneur d’un constituant
d’halogène par rapport à une masse de la matière
active d’électrode positive est de 0,001 % en masse
à 5,0 % en masse.

16. Procédé de fabrication d’un accumulateur secondai-
re électrolytique non aqueux selon la revendication
14, dans lequel le composé d’halogène est le fluo-
rure de lithium.

17. Procédé de fabrication d’un accumulateur secondai-
re électrolytique non aqueux selon la revendication
15, dans lequel le composé d’halogène est le fluo-
rure de lithium.

18. Procédé de fabrication d’un accumulateur secondai-
re électrolytique non aqueux comprenant une ma-
tière active d’électrode positive capable d’intercaler
et de désintercaler un ion lithium, une matière active
d’électrode négative capable d’intercaler et de dé-
sintercaler l’ion lithium et un électrolyte non aqueux
caractérisé en ce qu’il comprend les étapes
consistant :

à mélanger un premier constituant présentant
un composé de lithium, un second constituant
présentant un composé de cobalt utilisé comme
un précurseur, lequel est Co3O4 présentant une
surface spécifique de 8,3 m2/g, un troisième
constituant présentant un composé contenant
au moins un type d’élément choisi parmi V, Cr,
Fe, Mn, Ni, Al et Ti et un quatrième constituant
présentant un composé d’halogène pour obtenir
un mélange à 4 constituants ; et
à calciner le mélange à une température de cal-
cination de 980°C pendant 24 h à 4 constituants
pour présenter une dimension de cristallite dans
une direction de vecteur (110) de 1000 Å ou su-
périeure.

19. Procédé de fabrication d’un accumulateur secondai-
re électrolytique non aqueux selon la revendication
18, dans lequel le composé d’halogène est ajouté
de telle sorte que la teneur d’un constituant d’halogè-
ne par rapport à une masse de la matière active
d’électrode positive est de 0,001 % en masse à 5,0
% en masse.

20. Procédé de fabrication d’un accumulateur secondai-
re électrolytique non aqueux selon la revendication
18, dans lequel le composé d’halogène est le fluo-
rure de lithium.

21. Procédé de fabrication d’un accumulateur secondai-
re électrolytique non aqueux selon la revendication
19, dans lequel le composé d’halogène est le fluo-
rure de lithium.
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